Saccades to somatosensory targets have longer latencies and are less accurate and precise than saccades to visual targets. Here we examined how different somatosensory information influences the planning and control of saccadic eye movements. Participants fixated a central cross and initiated a saccade as fast as possible in response to a tactile stimulus that was presented to either the index or the middle fingertip of their unseen left hand. In a static condition, the hand remained at a target location for the entire block of trials and the stimulus was presented at a fixed time after an auditory tone. Therefore, the target location was derived only from proprioceptive and tactile information. In a moving condition, the hand was first actively moved to the same target location and the stimulus was then presented immediately. Thus, in the moving condition additional kinesthetic information about the target location was available. We found shorter saccade latencies in the moving compared to the static condition, but no differences in accuracy or precision of saccadic endpoints. In a second experiment, we introduced variable delays after the auditory tone (static condition) or after the end of the hand movement (moving condition) in order to reduce the predictability of the moment of the stimulation and to allow more time to process the kinesthetic information. Again, we found shorter latencies in the moving compared to the static condition but no improvement in saccade accuracy or precision. In a third experiment, we showed that the shorter saccade latencies in the moving condition cannot be explained by the temporal proximity between the relevant event (auditory tone or end of hand movement) and the moment of the stimulation. Our findings suggest that kinesthetic information facilitates planning, but not control, of saccadic eye movements to proprioceptive-tactile targets.
Introduction
In order to plan and control a goal-directed movement, the location of the target needs to be determined by using incoming sensory information from vision, audition or somatosensation, either separately or in combination. Although vision is the most reliable source of spatial information (Paillard, 1991, chap. 10) , people are able to derive the location of the target also on the basis of somatosensory inputs to guide movements of the arm (e.g., Jones, Fiehler, & Henriques, 2012; Monaco et al., 2010; van Beers, Wolpert, & Haggard, 2002) or of the eyes (e.g., Blanke & Gruesser, 2001; Ren, Blohm, & Crawford, 2007; Ren et al., 2006) .
The accuracy and precision of goal-directed hand movements seem to improve when proprioceptive information is available about the target location. For instance, movement endpoints are more accurate and precise when reaching to proprioceptive (i.e. the unseen hand) than to previously viewed, and thus remembered, visual targets in complete darkness (Monaco et al., 2010) . Proprioceptive reaching, however, is affected when target limb joints are maximally flexed or elevated, which leads to less reliable estimates of the target location (Rossetti, Meckler, & Prablanc, 1994) . Moreover, proprioceptive signals become less reliable over time and thus the location of a target that is solely derived from proprioception is shifted away from its veridical location (Cameron, de la Malla, & Lopez-Moliner, 2015; Smeets, van den Dobbelsteen, de Grave, van Beers, & Brenner, 2006) . Saccadic eye movements, on the other hand, end more accurately and precisely on visual than on proprioceptive targets (Blanke & Gruesser, 2001; Ren et al., 2006; Sullivan, Fitzmaurice, & Abel, 2004) . Saccade endpoint errors increase more strongly with eccentricity for proprioceptive than for visual targets (Sullivan et al., 2004) . In addition, saccades to visual targets are initiated faster than to proprioceptive (Groh & Sparks, 1996; Sullivan et al., 2004) and proprioceptive-tactile targets (Amlot & Walker, 2006 difference between visual and somatosensory saccade latencies may not be due to different control processes (Amlot & Walker, 2006) , but rather due to the visual information being more efficiently processed and used by the oculomotor system: visual targets are predominantly represented with respect to gaze (Crawford, Henriques, & Medendorp, 2011) , whereas somatosensory targets are coded in a mixed hand-and gaze-centered representation (McGuire & Sabes, 2009) . Therefore, somatosensory information may require additional transformations into a gaze-centered representation in order to be used by the oculomotor system, which may explain a longer saccade planning to somatosensory targets.
Combining sensory inputs from different modalities can be beneficial for saccadic eye movements. For instance, saccades tend to overshoot a target when its location is determined only based on proprioception, but become more accurate if both visual and proprioceptive information is provided (Ren et al., 2006) . However, this combined information does not improve saccade accuracy or precision compared to when targets are determined solely on the basis of visual information (Ren et al., 2006) . This suggests that visual information already provides a good estimate of the target location for saccades, which cannot be further improved by proprioceptive input signals.
Little is known about how different information from within one sensory modality is being used for goal-directed eye movements. For instance, within somatosensation, different sensory information can be derived from different receptors in the skin, muscles, joints and tendons, which can fire either in isolation or in combination. This information can be classified into touch, proprioception or kinesthesia, defined as skin sensation, position sense and changes in muscle length due to movement, respectively. Adding tactile information to a proprioceptive target does not seem to improve saccade accuracy or precision (Blanke & Gruesser, 2001) . It is noteworthy, that in this study the tactile input was provided to a target digit whose cutaneous receptors were continuously activated, as the digit was in direct contact with the experimental setup. Beyond proprioceptive and tactile signals, people may also use kinesthetic information to determine the location of a somatosensory target. Although kinesthetic input signals do not provide a good estimate about one's hand location in hand movement tasks (Tillery, Flanders, & Soechting, 1991) , it is unknown whether and how these signals contribute to saccade planning and control.
Here, we examined the role of kinesthesia in the planning and control of saccades to proprioceptive-tactile targets. We asked participants to initiate a saccade as fast as possible towards either the index or the middle fingertip of their unseen left hand, as a response to a tactile stimulus presented to one of these two digits. Kinesthetic information was varied in two conditions. In a static condition, the hand remained stationary at the target location; therefore, the location of the target digit could be derived only from proprioceptive and tactile information. In a moving condition, the tactile stimulus was presented shortly after the hand was actively moved to the target location; therefore, additional kinesthetic information was available about the location of the target digit. If the additional kinesthetic information contributes to the planning and control of saccadic eye movements, we expect saccades to be initiated faster, and saccade endpoints to be more accurate and more precise in the moving compared to the static condition.
Experiment 1

Methods
Participants and apparatus
Eight healthy volunteers (4 females; mean ± SD: 27.5 ± 4.3 years) with normal or corrected-to-normal vision participated in the study. Three of them were authors. The others were naive as to the precise purpose of the study. Participants were righthanded according to the German translation of the Edinburgh Handedness inventory (Oldfield, 1971 ; mean ± SD: 82 ± 24). All participants gave written informed consent approved by the local ethics committee prior to the experiment (Declaration of Helsinki).
The experiment was performed in a dark room. Participants sat in front of a table on which a custom-made apparatus was mounted (Fig. 1) . The apparatus consisted of a frame (46 Â 38 Â 15 cm) covered with black cardboard and of two solenoids that presented tactile stimuli to the participant's fingertips. Participants held their mouth in an individually fitted dental-impression bitebar that was attached to the table. The bite-bar and the frame were slightly inclined so that gaze direction was approximately orthogonal to the centre of the cardboard. The eyes were at a distance of 42 cm from the centre of the cardboard. In this distance, 1 cm equals 1.28°of visual angle.
The two solenoids were mounted on a metal plate below the cardboard, approximately 30 cm in front of the participant. The solenoids were horizontally spaced by 4 cm and could be shifted along the lateral (with respect to the participant) direction to one of three different horizontal target locations: the centre of the two solenoids being aligned with the participant's midline, or 14 cm to the left or to the right of the midline, hereafter simply referred to as centre, left, and right, respectively. For each target location, there was also a respective hand start location (for the trials involving a hand movement). The hand start location was at the same horizontal location as the target but at the frame's close edge (approximately 15 cm in front of the participant). Thus, the hand movement amplitude was approximately 15 cm. Participants had their left index and middle fingers in two rings that were attached to a movable slider fixed to a rail below the solenoids. The slider could only be moved along the rail that restricted the movement to be orthogonal from the hand start to the target location. The slider imposed minimal resistance so that the hand movement was performed smoothly, without effort. The slider stopped exactly at the target location because the rail was extending only up to that location. When the slider was at the far-end (relative to the participant) along the rail, thus at the target location, it pressed a button that powered the solenoids and pushed out a small metal pin (diameter of 1 mm) for 50 ms. This tactile stimulus cued the participants to initiate an eye movement towards its felt location.
Visual stimuli were presented on the black cardboard via a LCD projector mounted above the frame. White noise that masked the sound of the solenoids, and auditory instruction tones were presented via headphones. A small halogen lamp, attached next to the frame, was switched on for 800 ms between trials to avoid dark adaptation.
Eye movements of the participants' right eye were recorded at 500 Hz (0.2°resolution) with an Eyelink II eye-tracker (SR Research Ltd.). The recording of the eye movements was calibrated using the standard thirteen-point calibration procedure of the Eyelink II that was projected on the cardboard. The experiment was performed using Presentation software (Version 15.0, www.neurobs.com).
Procedure
Participants were instructed to quickly initiate a saccade towards the felt location of the tactile stimulus that was presented to their unseen index or middle fingertip. In order to examine how additional kinesthetic information influences saccade planning and control, participants performed two conditions that were presented in a block-wise manner: in the static condition, participants held their left hand fixed at the target location, so only proprioceptive and tactile information was available, whereas in the moving condition, participants actively moved their hand from the hand start to the target location, therefore additional kinesthetic information about the target location was available. The static and the moving conditions, as well as the three target locations, were presented in 6 separate blocks of trials.
A timeline of a single trial in the static and in the moving condition is depicted in Fig. 2 . Each trial started with a fixation-cross always presented above the central hand start location. Participants fixated the cross and then pressed a button to correct for possible drifts of the eye-tracker. After a delay of 750 ms a brief tone (50 ms) was presented. In the static condition, 1000 ms after the tone the tactile stimulus was presented to one of the digits. In the moving condition, the tone instructed participants to move their hand to the target location, and 50 ms after its arrival the tactile stimulus was presented to one of the digits. Hand movement time was on average 749 ms (±170 ms) summing up to roughly the same time between the presentation of the tone and the tactile stimulus as in the static condition. The fixation-cross disappeared together with the presentation of the tactile stimulus. Participants were instructed to initiate a saccade as fast as possible in response to the tactile stimulus. The light was switched on 1000 ms after the presentation of the tactile stimulus indicating the end of the trial. In the moving condition, the light also instructed participants to bring their hand back to the hand start location.
At the end of each of the 6 blocks of trials, 3 calibration trials were performed in order to obtain a tactile and a visual calibration for that respective block. Each calibration trial started with the participant fixating the cross. Repetitive touches of 50 ms (separated by 300 ms) were presented for approximately 3 s to one of the digits. The participant had to make a saccade to the felt location of the touch and to keep gaze at this location (fixation period) until the presentation of the tactile stimulus ceased. Then, the participant had to fixate the reappeared cross and the procedure was repeated for the other digit. Thereafter, a white dot (diameter of 0.5 cm) was projected on the cardboard over one of the solenoids. The participant had to make a saccade to the dot and keep fixation at the centre of the dot until it disappeared. Then, the participant fixated the reappeared cross and the procedure was repeated for the other solenoid. Participants were instructed to start their eye movement only when they were confident about the (tactile or visual) target location.
Each block consisted of 20 trials per digit (index or middle finger), thus 40 trials per block. The combination of the two conditions containing different sources of somatosensory information (moving, static) with the two digits (index, middle finger) and the three target locations (left, centre, right) resulted in a total of 12 experimental conditions that were presented in 6 separate blocks in a counterbalanced order. Within each block, the digits were stimulated in a random order. Participants took approximately 8 min to complete each block.
Data analysis
In order to obtain measures related to saccade planning and control, such as saccade latency and saccade endpoint accuracy and precision, we first determined characteristics of the eye movements, such as saccade onsets and fixations, on the basis of saccade velocity. The onset of the first saccade was defined as the first of five consecutive samples after the onset of the tactile stimulation on which gaze velocity exceeded a threshold of 35°/s. The onset of the first fixation was defined as the first of five consecutive samples on which velocity dropped back below 35°/s. Consecutive saccades were determined based on the same velocity criterion with the additional constraint that gaze should have shifted at least by 1°compared to the fixation just earlier. Based on these criteria, we counted how often participants shifted their gaze to correctly localize the target. For this reason, we calculated the number of fixations for each trial; we excluded all last fixations near the fixation-cross due to the anticipation of the next trial. Saccade latency was defined as the time between the onset of the tactile stimulation and the onset of the first saccade.
We also determined measures representing saccade endpoint accuracy and precision. Since participants performed saccades towards an unseen somatosensory target, and there are individual biases when localizing somatosensory stimuli (Groh & Sparks, 1996) , we used the tactile calibration in order to obtain a calibration for the localization of each target digit in each condition performed by each participant. Each participant's tactile calibration was the median horizontal and vertical gaze position during each fixation period and then across the 3 calibration trials that were performed in the respective condition. We calculated the Fig. 2 . Schematic overview of an example trial in the static and in the moving condition for the left target location. A fixation-cross appears on the screen while participants hold their left hand either fixed at the target location (static) or at the hand start location (moving). A tone signals participants to soon expect the tactile stimulus on one of their digits (static), or to move their hand to the target location (moving) before the tactile stimulus is presented (illustrated with the black circle). Together with the presentation of the tactile stimulus, the fixation-cross disappears and participants initiate as fast as possible a saccade to the felt location of the stimulus. Note that the hand is always below the cardboard and thus never visible to the participants. saccade endpoint error as the two-dimensional distance between the tactile calibration and each saccade endpoint in the respective condition, with positive and negative values indicating a target overshoot and undershoot along the participant's sagittal direction, respectively. Saccade endpoint accuracy was defined as the average saccade endpoint error. Saccade endpoint precision was defined as the surface area of an ellipse that contained the 95% of the saccade endpoints. These measures were determined on the basis of both the first and the last fixation within each trial.
Trials with saccade latencies shorter than 100 ms or longer than 500 ms were discarded, as it is a common procedure in vision research (Metzger, Mullette-Gillman, Underhill, Cohen, & Groh, 2004; Snyder, Calton, Dickinson, & Lawrence, 2002) . Trials were also rejected if they were contaminated with blinks or if gaze position was variable such that we could not determine saccade onsets and fixations based on the criteria that we mentioned earlier.
Our dependent variables were saccade latency, number of fixations, as well as saccade endpoint accuracy (endpoint error) and precision (ellipse area) based on the first and the last fixation. Saccade latency, the number of fixations and endpoint errors were determined for each trial, and then the median was calculated across the repetitions of each condition and separately for each participant. The surface area of the 95% confidence interval ellipses was calculated for each condition performed by each participant and the mean across participants was calculated for each condition. The effects on the dependent variables were evaluated with a 2 (moving, static) Â 2 (index, middle finger) Â 3 (left, centre, right) repeated measures analyses of variance. All significant effects (p < 0.05) are reported in the results section. When sphericity was violated, the Greenhouse-Geisser correction was applied. Significant differences between the conditions were examined using post-hoc t-tests (Bonferroni corrected for multiple comparisons). In the following Results section we will report the mean and the standard error of the between subjects' mean.
Results
Out of the 1920 trials (8 participants, 12 conditions, 20 trials), 278 had to be discarded, resulting in 1791 trials (93%) for further analysis. Fig. 3 shows the eye movement trajectories and endpoints, as well as the 95% confidence interval ellipses for all conditions performed by a representative participant. From these qualitative characteristics, it is evident that in the vast majority of the trials the participant localized the tactile stimulus at the correct digit. Saccade endpoints to one digit were clearly clustered and seldom fell within the ellipses of the other digit ( Fig. 3b and d) . Moreover, saccade endpoints showed neither a systematic overshoot nor undershoot of the target location. Importantly, saccade trajectories and endpoints were similar for the moving and the static conditions.
Participants initiated their saccades earlier in the moving compared to the static condition (F 1,7 = 10.9, p = 0.013, g 2 = 0.69; 
Experiment 2
In our first experiment, we found that the additional kinesthetic information in the moving condition did not influence the accuracy or precision of saccade endpoints. It did, however, lead to significantly shorter saccade latencies than in the static condition where only proprioceptive-tactile information was provided. One potential reason for the shorter saccade latencies in the moving condition could be that participants were able to better predict the moment of the touch. In the moving condition, the tactile stimulus was always presented 50 ms after the hand had arrived at the target location while in the static condition it was always presented 1000 ms after the start tone. Therefore, the fixed time delay together with the close temporal proximity of the tactile stimulus to the arrival of the hand at the target location might have increased the predictability of the onset of the tactile stimulation. Second, the time between the end of the hand movement and the presentation of the tactile stimulus (50 ms) might have been too short to fully process and/or integrate the additional kinesthetic information resulting in no effects on saccade accuracy and precision.
In the second experiment, we aimed to examine whether the shorter saccade latencies in experiment 1 were caused by the predictability of the moment of the tactile stimulation and whether the lack of effects on saccade accuracy and precision were due to limited processing time of the kinesthetic information. For this reason, we presented the tactile stimulus at three different time points after the arrival of the hand at the target location (moving condition) or after the start tone (static condition). If the effect on latency in experiment 1 is solely due to the predictability of the time of the touch, we expect similar saccade latencies in the static and in the moving condition. Second, if additional time between the end of the hand movement and the presentation of the touch facilitates the processing and/or the integration of the kinesthetic information into the proprioceptive-tactile estimate of hand location, saccade accuracy and precision should improve with longer delays.
Methods
The same eight volunteers who participated in experiment 1 took part in experiment 2. Except for the details mentioned below, the apparatus, procedure and data analyses were the same as in experiment 1. In our first experiment, we found no main effect of the target location on any of our measures and the effect size of the interaction involving the target location was very small (g 2 = 0.05). Given this, we only used the central target location in experiment 2. In the static condition, the tactile stimulus was presented with a delay of 1000 ms (short; same as in experiment 1), 1150 ms (medium), or 1250 ms (long) after the start tone. In the moving condition, the tactile stimulus was presented with a delay of 50 ms, (short; same as in experiment 1), 150 ms (medium), or 250 ms (long) after the hand arrived at the target location. We again presented the static and the moving conditions in separate blocks of trials. Each block consisted of 15 trials per delay, thus 45 trials per digit, and 90 trials per block. Combining the two conditions containing different sources of somatosensory information (moving, static) with the two digits (index, middle finger) and the three delays (short, medium, long) resulted in a total of 12 conditions that were presented in 2 separate blocks. The delays within each block were presented in a random order. Participants took approximately 11 min to complete each of the blocks. We used a 2 (moving, static) Â 2 (index, middle finger) Â 3 (short, medium, long) repeated measures analyses of variance to test for differences between our variables.
Results
Out of the 1440 trials (8 participants, 12 conditions, 15 trials), 125 were discarded, resulting in a total of 1315 trials (91%) for further analysis. The average hand movement time was 737 ms (±8 ms).
Despite the unpredictability of the moment of the touch, the saccade latency was again shorter in the moving (189 ± 6 ms) compared to the static condition (226 ± 6 ms; F 1,7 = 20.9, p = 0.003, g 2 = 0.61; Fig. 5a ). Saccade latencies in trials with short delays were on average 203 ms (±14 ms) and 250 ms (±10 ms) for the moving and static condition, respectively. These latencies were only 13 ms and 3 ms shorter than the latencies in the respective conditions of experiment 1 (when only considering the central target location), and were not statistically different between the two experiments (static: t 7 = À0.8, p = 0.4, moving: t 7 = 0.1, p = 0.9).
Saccade latency was influenced by the different delays (F 2,14 = 20.9, p < 0.001, g 2 = 0.31; Fig. 5a ): it was longer in the short (226 ± 7 ms) compared to the medium (197 ± 8 ms; t 7 = 5.6, p = 0.001), and to the long (199 ± 8 ms; t 7 = 4.9, p = 0.002) delay conditions. The difference in saccade latency between the static and moving condition decreased with increasing delays resulting in an interaction between source of information and delay (F 2,14 = 3.8, p = 0.04, g 2 = 0.04): saccade latencies were shorter in the moving than in the static condition when the delay was short (t 7 = 6.5, p < 0.001) or medium (t 7 = 5.1, p = 0.001) but not when it was long. We also found an effect of delay on saccade accuracy when considering the first fixation (F 2,14 = 4.1, p = 0.04, g 2 = 0.37; Fig. 5b ). However, post-hoc t-tests did not reveal any significant differences between the static and the moving condition for the three delays after correcting for multiple comparisons (p's > 0.20 at a = 0.017). The average number of fixations within one trial was 2.4 (±0.1) and was not significantly affected by any factor (F's < 2.6, p's > 0.11, g 2 < 0.27). It was, however, significantly higher than those in experiment 1 (t 7 = 8.7, p < 0.001). No other main effects or interactions were found on saccade latency (F's < 2.7, p's > 0.09, g 2 < 0.02), first fixation accuracy (F's < 4.1, p's > 0.09, g 2 < 0.56) or precision (F's < 3.5, p's > 0.06, g 
Experiment 3
In our second experiment we presented the tactile stimuli with an additional delay after the auditory tone (static condition) or after the end of the hand movement (moving condition). This manipulation had two purposes. On the one hand, participants would have more time to process the kinesthetic information, possibly improving the accuracy and precision of saccade endpoints. The results of experiment 2 showed that this was not the case. On the other hand, we induced uncertainty about the precise moment of the touch. Our results suggest that the shorter saccade latencies in the moving condition cannot be due to a better prediction of the stimulus' moment on the basis of the arrival of the hand at the target location. Nevertheless, we cannot exclude the possibility that participants based their predictions on different information depending on the condition: the relevant event informing about the occurrence of the tactile stimulus might be the auditory tone in the static condition, but the end of the hand movement (i.e. the external event which is temporally closest to the presentation of the tactile stimulus) in the moving condition. Following this assumption, the tactile stimulus occurred in closer temporal proximity to the relevant event in the moving than in the static condition, which might have led to better predicting its moment in time and thus to shorter saccade latencies in the moving compared to the static condition in experiments 1 and 2.
In experiment 3, we addressed this possibility and asked the same participants to perform only the static condition with the tactile stimulus presented in closer temporal proximity to the auditory tone (i.e., the relevant event). In particular, the tactile stimulus occurred after one of three different delays that were identical to those used in the moving condition of experiment 2 (50, 150, or 250 ms after the auditory tone). If the shorter saccade latencies in the moving condition were due to the stimulus being in closer temporal proximity to the relevant event (end of the hand movement), then we should find no differences between the static condition of experiment 3 and the moving condition of experiment 2.
Methods
The same eight volunteers who participated in experiments 1 and 2 took part also in experiment 3. Except for the details mentioned below, the apparatus, procedure and data analyses were the same as in experiment 2. Participants only performed the static condition, in which the tactile stimulus was presented after a delay of 50 ms, (short), 150 ms (medium), or 250 ms (long) with respect to the auditory tone. Thus, the stimulus was presented with exactly the same delays from the relevant event as in the moving condition of experiment 2.
The one block of trials consisted of 15 trials per delay, thus 45 trials per digit, and 90 trials per block, which lasted approximately 10 min. Possible effects of the delays on the saccade latencies were evaluated with a 2 (digit) Â 3 (delay) repeated measures analyses of variance. We examined possible differences in saccade latencies between the static condition of experiment 3 and both the static and the moving condition of experiment 2 by using paired t-tests (p < 0.05).
Results
Out of the 720 trials (8 participants, 6 conditions, 15 trials), 3 trials were discarded, resulting in a total of 717 trials (99%) for further analysis.
Saccade latency was again influenced by the different delays (F 2,14 = 8.7, p = 0.003) showing longer saccade latencies in the short delay (240 ± 10 ms) compared to the medium (220 ± 8 ms; t 7 = 3.8, p = 0.007; Fig. 6 ) and the long (217 ± 6 ms; t 7 = 3.1, p = 0.02). Importantly, saccade latency in experiment 3 (226 ± 12 ms) was similar to that in the static condition of experiment 2 (226 ± 6 ms; t 7 = 0.7, p = 0.49), but still longer than the latency in the moving condition of experiment 2 (189 ± 6 ms; t 7 = 3.1, p = 0.02).
Discussion
In this study, we aimed at examining whether additional kinesthetic information about the location of a proprioceptive-tactile target contributes to saccade planning and control. Participants performed saccades to the felt location of a tactile stimulus on one of their unseen fingertips either while having the hand static at the target location (static condition) or after moving it to the target location (moving condition). We found that the additional kinesthetic input provided by the movement of the unseen hand facilitated saccade planning, as reflected by shorter saccade latencies, while leaving saccade accuracy and precision unaffected.
The lack of an improvement in saccade accuracy or precision in experiment 1 might have been due to the limited time to process the kinesthetic information, as the tactile stimulus was presented always 50 ms after the hand had arrived at the target location. This time is shorter than the suggested processing time of kinesthetic input signals, which is approximately 70 ms (Grill, Hallett, & McShane, 1997) . To this end, we allowed for longer processing times of the kinesthetic information by introducing delays of 150 ms and 250 ms between the end of the hand movement and the presentation of the tactile stimulus in our second experiment. This manipulation, however, did not lead to an increase of saccade accuracy or precision with longer delays. Based on these results, it is unlikely that the lack of an improvement on saccade accuracy or precision is due to limited sensory processing time.
One might have also expected participants to perform fewer fixations within a single trial if they were more certain about the target location by using the feedback from the extra-retinal signals at the moment of the first fixation. If longer delays between the end of the hand movement and the moment of the touch would allow for better processing of the kinesthetic information, one might have expected participants to be more certain about the target location, and thus not to need to correct their first fixation by performing corrective saccades. In contrast to this hypothesis, we found the same number of fixations irrespective of the delay. However, we found significantly more fixations in experiment 2 compared to experiment 1. Since this difference seems not to be caused by the longer processing times in experiment 2, it might arise from the uncertainty about the moment of the tactile stimulation. The finding that kinesthesia did not improve the localization of the unseen target may be explained by the fact that kinesthetic input signals arise from dynamic changes in muscle length and thus they provide information about hand movement distance and amplitude. Static proprioceptive and tactile signals, on the other hand, provide information about limb and touch position, respectively, which may contribute to the accuracy and precision of target localization. Attributes like the distance that the eyes need to travel play an important role for saccade planning towards visual targets (de Grave, . Therefore, for localizing an unseen target one may not rely on information about the distance the eyes need to travel (which is identical to the distance that the hand traveled in the central locations), but on information about the position where the eyes need to look at. In our task, positional information was provided both in the static and the moving condition by the proprioceptive and tactile signals. Therefore, kinesthetic input may not provide additional information for determining the target location. The similar results of saccade endpoint accuracy and precision in the static and the moving condition together with previous findings (Blanke & Gruesser, 2001 ) suggest that proprioceptive information seems to provide the most accurate estimate -within somatosensationabout the saccade target location, which does not benefit from additional kinesthetic input.
It is noteworthy that the endpoint accuracy was quite high already in the static conditions of experiment 1 and 2. The average absolute endpoint error of the saccade endpoints across experiments 1 and 2 was 2.9°(approximately 2.2 cm; not reported in Results). This distance is much smaller than what has been previously reported (Amlot & Walker, 2006; Blanke & Gruesser, 2001 ). The absolute endpoint error also did not differ from zero (not reported in Results; see Figs. 4b and 5b). Therefore, it is likely that there was only very little room for improvement in the moving condition.
The additional kinesthetic information led to benefits in saccade planning as reflected by the shorter saccade latencies. This is unlikely to be explained by a coupling between the eye and hand movements in the moving condition, which was not present in the static condition. Previous research has demonstrated that saccade latencies are not influenced by coordinated eye and hand movements, or, if at all, they become longer, when the eyes and the hand are simultaneously moved (Armstrong, Judson, Munoz, Johansson, & Flanagan, 2013; Bekkering, Adam, Kingma, Huson, & Whiting, 1994) .
The shorter latencies in the when kinesthetic information was present are not due to a more accurate prediction about the time of the tactile stimulation in the moving compared to the static condition. While the time between the arrival of the hand at the target location and the presentation of the tactile stimulus was constant and thus predictable in our first experiment, we varied the respective timing in the second experiment and again observed shorter saccade latencies in the moving condition. Importantly, saccade latencies in the short delay trials in experiment 2 were still shorter in the moving than in the static condition, replicating our results of experiment 1. One could argue that the predictability of the moment of the stimulation might decrease with longer delays. This was not the case here, as saccade latencies became shorter with longer delays, which is in line with previous findings (Moehler & Fiehler, 2014 . Our results suggest that the benefit of the additional kinesthetic information on saccade planning is rather short-lived and may decay over time (see Fig. 6 ).
It is conceivable that the temporal proximity of the tactile stimulation and the relevant event informing about its occurrence may have influenced the predictability of the moment of the touch and thus saccade latencies. If we assume that the relevant (external) event in the moving condition was the end of the hand movement, whereas in the static condition it was the auditory tone, then the moment of the touch in the moving condition is in closer temporal proximity to the relevant event and, thus, participants might have been able to more precisely predict the approximate moment of the stimulation. The results of experiment 3 render this possibility as unlikely: having identical delays between the relevant event and the moment of the stimulation in the static and the moving conditions led again to shorter saccade latencies when additional kinesthetic information was present.
The improvement in saccade planning when additional kinesthetic information is available may also be a result of the oculomotor system working in a gaze-centered coordinate frame (Medendorp, Goltz, & Vilis, 2006; Serino, Pitzalis, & Martinez, 2001) . A proprioceptive-tactile target is initially coded in a bodycentered representation (Pouget, Ducom, Torri, & Bavelier, 2002) and needs to be eventually transformed into a gaze-centered representation in order to plan a goal-directed eye movement. Recently, it was found that such transformation is facilitated by a hand movement to the target location (comparable to our moving condition) when reaching to a proprioceptive-tactile target (Mueller & Fieher, 2014) . Assuming similar mechanisms for hand and saccadic eye movements, the hand movement in our experiment may have also facilitated the transformation of the proprioceptive-tactile target from a body-into a gaze-centered representation. Therefore, it is reasonable to expect that the oculomotor system processes the location of the proprioceptive-tactile target faster when the target hand was moved, leading to shorter saccade latencies.
Our results show that different somatosensory sources of information contribute differently to saccadic eye movements. In particular, we demonstrate that additional kinesthetic information facilitates saccade planning to proprioceptive-tactile targets resulting in shorter saccade latencies. However, it does not seem to provide the saccadic system with a more accurate or precise estimate of the target location when proprioceptive and tactile information about the target is available.
